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(54) Wireless variable bandwidth air-link system 

(57) A variable bandwidth wireless air-link commu- 
nication system allows an end-user communicating de- 
vice, e.g. a cellular phone (101), computer or facsimile, 
to request the allocation and aggregation of available 
air-link communication channels for the wireless trans- 
mission of messages to and from a mobile end-user 
communication subscriber unit, e.g. a cellular telephone 
or portable computer (108), so as to increase the speed 
of wireless transmission. The system uses a chan- 
nelized communication radio (103) and a programmed 
microprocessor (1 05) for locating, reserving and aggre- 
gating available air-link channels and for transmitting 
messages between the communication devices. 
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Description 

This invention relates to an apparatus and method 
for providing variable bandwidth in wireless air-link com- 
munication and more specifically, to an apparatus and 
method lor allowing a user of a mobile communication 
radio, e.g. a cellular telephone or portable computer, to 
be allocated wireless variable bandwidth on demand by 
aggregating available air-link communication channels. 

Data or information transmissions commonly occur 
between desk top or personal computers communicat- 
ing from different locations, between computers and fac- 
similes, and between telephones and computers. In any 
communication, the transmitting device is identified as 
the "originator" or "originating device," while the receiv- 
ing device constitutes the "target" or "target device." The 
originating device and target device typically change 
roles several times in any ongoing communication, but 
at any given time, one device is the originator and the 
other is the target. 

A simple computer network includes an originator 
device, at least one information transfer network, a tar- 
get device, and the cable connections joining the origi- 
nator, information transfer network, and target. The orig- 
inating and target devices typically include computers 
which communicate through modem, servers or local ar- 
ea networks utilizing either a server, modem or both in 
direct link transmissions. The communicating devices 
used today also include mobile cellular telephones, port- 
able computers, portable facsimiles, and combinations 
thereof which communicate over wireless air-link chan- 
nels. Direct link communicating devices generally trans- 
fer information through wire or cable connections which 
typically comprise commercial telephone lines, copper 
cables, fibre optic cables, leased lines or private lines. 
In a direct link transmission, the information transfer net- 
work receives the messages or data from the originator 
and delivers or routes the communication to the target 
address. Due to the stable, error free nature of these 
links, either continuous high speed or lower speed, 
packetized transfers are allowed. In wireless transmis- 
sion, messages are broken down into smaller chunks, 
the size of which is dependent on the intervening net- 
work, transmission speed and error correction tech- 
niques, and transmitted across an air-link channel of 
fixed speed to a transceiving station. These chunks of 
user data are then either encapsulated into packets and 
sent through a packet network or just sent sequentially 
through non-packet networks to their target device. 
More than one information network of packet and non- 
packet systems, commonly referred to as clouds, may 
be involved in any communication transmission, de- 
pending on the management of the intervening net- 
works, the size of the message and the distance be- 
tween the originator and ultimate target. 

Information transfer networks generally include ei- 
ther a non-packet system, such as public switch tele- 
phone network (PSTN) or packet networks. The PSTN, 



or non-packet network, is the type of network used by 
telephone carrier companies. PSTNs generally include 
a plurality of circuit switches which route end-user mes- 
sages through the phone lines when preselected switch- 
s es are activated by the dialling of a number. End-user 
messages in a PSTN are usually segmented and sent 
in a predetermined sequence for a predetermined 
length of time, as logged on the communications soft- 
ware and modems employed by the network to their tar- 
'0 get address or modem. The PSTN periodically stops to 
re-sync itself and check for errors. Telephone carriers 
charge the computer user or users for the entire time a 
PSTN connection is made between communicating de- 
vices, regardless of whether information is being con- 
's veyed. It is directly analogous to being charged for a 
long distance phone call. Computers generally commu- 
nicate in PSTN via dialled<Jigits and modems, which 
provide direct links between the computers through the 
telephone lines. The modem, like a phone, dials the de- 
20 sired phone address of the target computer modem, ac- 
tivating corresponding switches in the PSTN to access 
the target address. Accordingly, any time a communica- 
tion link is made between computer modems, the users 
are charged during the entire time the modems have a 
25 communication link. 

Packet networks offer an alternative to PSTN com- 
munication. Packet networks provide public and private 
communication network clouds which are command 
base services that utilize a mesh of packet routers for 
30 transmitting packets of data information. A mesh of 
packet routers usually comprises a typical packet net- 
work, whereby the network delivers the packet through 
a select packet router route. In contrast with PSTN car- 
rier systems, packet communication network servers 
35 use packet routers to route and deliver end-user mes- 
sage chunks in packets and customers are generally 
charged by the number of packets or the number of bits 
of information per packet being transmitted. A packet 
router is therefore nothing more than a communication 
40 transmission carrier which temporarily stores and for- 
wards a packet of information as ft is routed to its target 
address, or to another packet router for delivering the 
communication. The message chunks of user data are 
encapsulated into packets with address headers, error 
45 correction bits, synchronization bits, and the like. The 
packets are routed through packet router networks to 
their target address. The number of routers used for de- 
livering a message or data string is based on the man- 
agement of the network cloud, the capacity of the net- 
50 work, and the size of the transmission load. Accordingly, 
some messages may only go through one router before 
delivery to the target, while other messages may go 
through a string of routers before reaching the target 
destination. 

55 Communication between packet networks or a 
packet network and target is accomplished through mo- 
dems and software, albeit different from those used in 
PSTN. Packet networks use formal address, e.g. "User 
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ID, a computer name, a company name, a network 
name," which may be in plain text, numeric digit strings, 
or a mixture thereof, based on the type of networks tra- 
versed by the addressed messages. 

Local area networks (LAN) are reasonably small 5 
and local groups of computers connected by one of a 
small number of standard methods, such as Ethernet. 
For instance, the computers may share the network as 
peers, or a shared resource called a server may be em- 
ployed to support the computers in the LAN so that they 10 
may communicate with other networks such as in Inter- 
net. In essence, the server provides a gateway to other 
networks. The server may also be a print server acting 
as printer queues or a file server for accessing file librar- 
ies. Communication servers may have routing functions is 
built in or may connect to external routing machines 
when attaching to a network. These external routing ma- 
chines may be packet routers in the case of a packet 
data network, or a pool of modems that the end-user 
computers access and share in the LAN. In the former, 20 
the server provides a link between the packet routers 
and target devices whereby the LAN directly links the 
communication from the server to the target address 
based on the user identification code or address of the 
target terminal. LAN network services either lease tele- 25 
phone lines from telephone line carriers or provide pri- 
vate lines for transmitting packets of communication da- 
ta. 

Typically, computers utilize servers for communicat- 
ing with packet routers. To initiate a data transmission, 30 
the computer, through its user ID, sends a command to 
the LAN to transmit a communication to a desired target 
address. The LAN activates its server and then sends 
a command and data through the server, which links 
with the desired information transfer network, such as a 35 
packet router network. Not all computer terminals how- 
ever, are necessarily linked through a local area net- 
work that is, they may also communicate directly with 
a server in preparing data transfers through the packet 
router system. A packet transfer network accepts the 40 
data transmission into a selected packet router which 
temporarily stores the information in packets and deliv- 
ers it to the next router, if required, until the data transfer 
ultimately reaches the servers of the target computer or 
computers. The target server locates the target address 45 
and prepares the target terminal or the target LAN for 
receiving and routing the data transfer to the target ter- 
minal. 

The size of the data information and communication 
channels dictates the speed of transmission. For in- so 
stance, small messages in the low kilobyte range may 
only take minutes to transmit, while a megabyte mes- 
sage, such as a large spreadsheet or video, could take 
hours, depending on the computers and information 
transfer network being employed. Consequently, in a 55 
typical low speed PSTN system which charges custom- 
ers by the duration of time a communication link is sus- 
tained, large messages are relatively expensive to 



transmit. Although communication networks utilizing 
packet routers are less expensive because they charge 
by the packet rather than strictly for on-line time, these 
systems may also become expensive when transmitting 
large messages at fixed speeds. 

Devices which are directly linked and which com- 
municate through packet routers and servers, and in 
some cases through PSTN switched circuits, are able 
to use channelized transmission equipment to vary the 
bandwidth of transmission in wire or direct links to in- 
crease the speed of transmissions. Channelized equip- 
ment increases the size of the communication band- 
width so that large messages may be more conveniently 
and quickly transmitted between locations. Convention- 
al channelized equipment searches the transmission 
lines for available channels and aggregates these chan- 
nels together so that a larger overall bandwidth is ob- 
tained. Before a transmission, the originating computer 
sends a command through the packet router, demand- 
ing an aggregation of channels for increased bandwidth. 
The channelized equipment locates and aggregates the 
available channels by dedicating the requested band- 
width from the total bandwidth available on that partic- 
ular transmission path. 

The problem, however, is that the aggregation of 
communication channels is not available for wireless 
air- link protocols which transmit information across 
bandwidth channels in the airways. That is, convention- 
al wireless communication systems are not able to ag- 
gregate air-link available channels to increase the over- 
all bandwidth of air-link communication channels like 
computer systems communicating directly through ca- 
ble or telephone lines. Instead, wireless communication 
is limited to transmission at fixed speeds, i.e. through a 
single channel, because variable bandwidth is not avail- 
able. Although a plurality of channels exists at any given 
time for transferring communication data across wire- 
less links, each of these channels has a fixed bandwidth. 
But, even though channel aggregation has been done 
for wired links, the same is not true for wireless commu- 
nication. 

Remote subscriber communication devices today 
are not able to allocate variable air-link bandwidth on 
demand to increase the overall bandwidth of available 
air-link channels for wireless or air-link transmissions. 
While the computer sending information across a direct 
cable link can command larger bandwidth and vary that 
bandwidth according to its demand, remote devices 
such as mobile cellular phones, portable computers, or 
portable facsimile machines are limited to single chan- 
nel transmission. That is, remote communication devic- 
es initially transmit data across a wireless highway in a 
fixed bandwidth channel to a transceiving station, and 
are unable to demand increased bandwidth or the ag- 
gregation of available channels to increase the overall 
bandwidth or speed of wireless data transmissions. 
Thus, the ability to aggregate direct link channels is of 
no benefit in wireless communication whereby the trans- 
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mission of messages is slowed in the air-links because 
of the inability to increase bandwidth. 

Consequently, the existing wireless air-link proto- 
cols only allow data transmission at fixed speeds, typi- 
cally one speed for any given network. In some cases, 
this is due to the frequency of a channel and the guard- 
band separations of existing radio channels, but in most 
cases, it is due to the inability to easily request more 
bandwidth capacity with additional channels, and to ag- 
gregate the existing channels into a higher bandwidth 
channel. As a result, the transfer of messages having a 
relatively large amount of data is limited to a single chan- 
nel of fixed bandwidth so that it takes much longer to 
transmit over air-links than through conventional sys- 
tems communicating across wired links. Thus, the rele- 
vant link requiring increased bandwidth and channel ag- 
gregation is the wireless air-link between remote or mo- 
bile communication devices and transceiver stations. 
This is because once a communication reaches a local 
receiving point, it may be transferred across aggregated 
channels in cables such as telephone lines. Accordingly, 
there exists a need for a technique that aggregates wire- 
less air-link channels for increasing the overall band- 
width of wireless communication transmissions so that 
the full capacity of end-user communication systems 
may be capitalized. 

Several devices are contemplated in the prior art 
which assign channels, provide alternate routing of 
channels, use guardbands to carry data, optimize chan- 
nel use in a given location, utilize channel hopping be- 
tween quiet spots in channels, and assign channels for 
radio communication transmission. However, none of 
these devices solve or address the above-noted prob- 
lems or provide systems which search, locate and ag- 
gregate available channels in wireless air-link commu- 
nication zones for increasing the speed and efficiency 
in the transmission of information across wireless or ra- 
dio channels. For instance, US Patent No. 5,130,982, 
discloses a communication network for allocating band- 
width comprising a plurality of interconnected nodes 
having a subdivided bandwidth for sharing the network 
bandwidth among the network nodes. The network uses 
a shared pool of bandwidth commonly connected to the 
nodes which establishes direct wired links or paths be- 
tween the nodes for handling information of transmis- 
sion traffic. US Patent No. 5,130,982 establishes direct 
links between network nodes but does not allocate and 
aggregate available radio channels for varying or in- 
creasing bandwidths across wireless links. 

US Patent No. 5,065,399, discloses a method for 
restoring a telecommunication path between network 
nodes after an interrupting network direct link failure, 
and teaches an automatic network restoration method 
which is adapted to restore direct link communication 
between nodes when the default communication link 
terminates because of a failed link. US Patent No. 
5,065,399 searches for the link with the highest spare 
bandwidth based on the bandwidth lost in the failed 



communication link and chooses the direct links be- 
tween nodes having the highest bandwidth capacity for 
replacing the path lost. However, it does not focus on 
the end-user and does not search for and aggregate 
s available air-link channels on demand to increase or 
vary bandwidth in wireless communication. 

US Patent No. 4,280,630, discloses a method for 
assigning individual channels based on last usage and 
last quality. It teaches a base station and a radio com- 
io munication system comprising a channel allocator that 
allocates communication channels from a preferred 
channel list. The channels are allocated in accordance 
with a mean margin value with respect to a predeter- 
mined threshold channel quality. It does not teach a dy- 
is namic bandwidth air-link allocation system for improving 
the efficiency of wireless information transferf rom trans- 
mission. Rather, it allocates single channels for direct 
link communication. 

US Patent No. 5,21 0,752 discloses a radio telecom- 
?o munication system for using fixed bandwidth channels 
that would normally be voice channels to carry network 
control signals in a way that insures rapid call setup and 
start timing in congested areas. It teaches a radio tele- 
communication system for determining whether a cen- 
25 tral radio frequency can be used by locating free time 
slots in a channel having a plurality of speech radio slots. 
It tries to respond to an increase in central traffic without 
preparing a large number of controlled radio frequen- 
cies. It determines which radio frequency can be used, 
30 determines if each time slot on the plurality of speech 
radios is free and selects a radio channel based on the 
free time slots. 

US Patent No. 5,21 4,789 discloses a method of op- 
timizing radio channel utilization when the location of a 
35 mobile radio is known. A channel is assigned to a mobile 
radio based on the location of the mobile radio to opti- 
mize communication channel allocation in given zones. 
It does not aggregate channels on demand for maximiz- 
ing transmission efficiency with increased bandwidth al- 
40 location. Rather, it concentrates on the location of mo- 
bile users to optimize the allocation of channels in par- 
ticular zones. 

Finally, US Patent No. 5,005,169 discloses a fre- 
quency division multiplier guardband communication 
45 system that uses low powered signals in existing guard- 
bands to carry data. The signals pretend to be noise by 
staying below a specified power level so that interfer- 
ence with the recovery of the main frequency division 
multiplier does not occur. 
s ° The above-noted references do not provide a tech- 
nique for wireless variable bandwidth communication 
across air-link channels at the demand of the end-users. 
Variable bandwidth for wireless communication in the 
radio air-links is important for increasing the efficiency 
>5 and speed of communication data transmissions which 
conventionally has been limited to fixed speeds be- 
cause transmission has only been possible across a sin- 
gle air-link channel. Consequently, there exists a need 
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for a technique for varying the bandwidth of air-link 
channels used in wireless communication for improving 
the efficiency and speed of information transmission. 

This need is met by the invention claimed in the ap- 
pended claims. 

The embodiment of the present invention provides 
a system that permits an end-user device, either a SRU 
or terminal end-user device to aggregate available air- 
link radio channels on demand to increase the overall 
bandwidth from the total bandwidth available so that 
large messages, may be more efficiently transmitted 
from or to a subscriber remote unit, e.g. a mobile end- 
user device. A method is also provided by the system 
for aggregating available air-link channels for faster 
communication between the subscriber remote unit de- 
vice and the transceiver station. The method includes 
an SRU originating end-user device demanding the ag- 
gregation of available air- link channels for transmitting 
a message between the SRU and transceiver, sending 
the demand to the master microprocessor, initiating and 
triggering the channelized radio to search, locate and 
reserve available airway channels at the demand of the 
microprocessor, aggregating the available channels, 
sending a confirmation from the master microprocessor 
to the originating device and transmitting the message 
from the originator over the aggregated channels. 

If the SRU is the originating device it transmits a 
demand for air-link channel aggregation to the master 
microprocessor, via the transceiver tower. After the SRU 
receives a confirmation from the master microprocessor 
that air-link channels have been aggregated, it prepares 
and transmits its message to the transceiver device. The 
transceiver device sends that message directly through 
the channel radio to the external information transfer 
network, i.e. packet router network or PSTN, which 
routes it to the target address as dictated by the origi- 
nator. On the other hand, if the terminal device is the 
originator, it sends the request for aggregation to the 
master microprocessor through the packet router net- 
work then prepares its message and transmits the mes- 
sage to the external transfer network, which sends it to 
the radio and then to the transceiver which ultimately 
transmits the message over the aggregated air-link 
channels to the SRU. 

In the preferred embodiment, the wireless variable 
bandwidth air-link system comprises a master micro- 
processor having supporting software, a channelized 
radio and a transceiver. The wireless variable bandwidth 
air-link system allows a mobile end-user communicating 
device to transmit and receive messages over aggre- 
gated air-link or radio channels. By aggregating air-link 
channels the overall bandwidth of the transmission me- 
dium is increased. The mobile end-user device, or SRU, 
may be a cellular telephone, portable computer or port- 
able facsimile, while the fixed end-user device is typi- 
cally a terminal device comprising either a desk top com- 
puter, facsimile, or a copy machine with a microproces- 
sor. Communications between the transceiver station 



and fixed terminal device occur over direct, wired links 
and are transferred through an information transfer net- 
work, such as a packet router network or PSTN. In any 
communication sequence, one end-user device com- 

s prises the target address while the other end-user de- 
vice comprises the originating address. For purposes of 
explanation, the SRU is sometimes discussed as the 
originating address while the terminal device is refer- 
enced as the target address, however it should be noted 

10 that the roles may be reversed so that during any given 
communication either device may transmit or receive a 
message. 

Preferably, the SRU comprises a mobile communi- 
cation cellular device having a microprocessor, trans- 

is ceiver and modem, such as a cellular phone with pro- 
gramming capabilities or a lap top computer with a cel- 
lular phone adapter modem and transceiver. The SRU 
communicates with either fixed terminal devices or other 
SRU's through an external transceiver station by trans- 

20 mitting and receiving messages over the air-link or radio 
channels. Wireless transmissions have always been 
over single channels of fixed bandwidth, but the present 
invention allows the end-user device to demand the join- 
ing of free air-link channels, e.g. radio channels, so that 

25 an overall increase in bandwidth is achieved. The trans- 
ceiver station sends received messages from an SRU 
to the target address by routing the message through 
the channelized radio, to the external transfer network, 
i.e. either a packet or non -packet network, to either a 

30 server, modem or both and then finally to the terminal 
target address. If the terminal is the originating device 
it initiates the aggregation by sending the demand 
through a packet router to the master processor which 
activates the channelized radio to locate, reserve and 

35 aggregate available channels. Subsequently, the termi- 
nal sends the desired message through either its mo- 
dem, server, or both, to an external transfer network, 
then to the channel radio and transceiver which trans- 
mits the message to the SRU over the aggregated air- 

40 link channels. In either case, all transmission between 
the transceiver station and terminal end-user device are 
through direct or wired links. 

As noted, either the SRU or terminal may demand 
the master microprocessor to aggregate a number of 

45 available radio channels in the air-link before transmit- 
ting the message to the transceiving device so that a 
faster transmission may be accomplished over the air- 
links. The master microprocessor receives information 
from the originator on the size of the message to be 

so transmitted so that it may initiate and command the 
'* channelized radio to search, locate and allocate availa- 
ble radio channels for aggregation. The channelized ra- 
dio upon initialization searches and locates available 
air-link channels which may be aggregated, sends that 

ss information to the master microprocessor. The master 
microprocessor decides which channels to allocate and 
aggregate and sends the confirming command to the 
channelized radio to aggregate selected channels. As 
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discussed in the background art, the existing transmis- 
sion equipment aggregates direct link cable channels 
for routing the message between the target terminal de- 
vice and transceiver more efficiently. With the present 
embodiment, the aggregation of radio or air-link chan- 
nels is accomplished at the demand. of either the SRU 
or terminal device depending which device is transmit- 
ting a message. 

In accordance with the preferred embodiment, two 
different options exist at the end-user device. Using ex- 
isting industry technology, the end-user has the option 
of receiving or transmitting messages across a single 
air-link channel, typically having a fixed bandwidth, or 
aggregated air-link channels. The end-user sends the 
request to the master microprocessor. If the request is 
for a single air-link channel transmission, the master mi- 
croprocessor demands the channel radio to prepare an 
air-link channel for transmitting the message. When the 
originating end-user is a SRU, the message is received 
at the transceiver and send through the path as previ- 
ously noted. On the other hand, if the request is a de- 
mand for the aggregation of air-link channels, the mas- 
ter microprocessor initializes the channel radio to locate, 
reserve and aggregate the available air-link channels. 
In one embodiment, the end-user before selecting an 
aggregated channel transmission has the option of com- 
puting an estimated transmission time duration based 
on the available air-link channels. When computing an 
estimated duration of transmission, the channel radio lo- 
cates and reserves channels and reports the band- 
widths of those channels to the master microprocessor. 
The master microprocessor then computes an estimat- 
ed transmission time based on these bandwidths and 
sends the time and a confirmation to the requestin g end- 
user. In any event, once the channels have been aggre- 
gated, the message is transmitted from either the SRU 
or transceiver station, depending on which is the origi- 
nating end-user and over the aggregated air-link chan- 
nels. Since a message is normally transmitted in 
chunks, either the channel radio or target SRU must re- 
assemble the segments of a message transmitted 
across the aggregated air-link channels into its correct 
form for processing by the target. The radio typically re- 
assembles messages received from an SRU for trans- 
mission over the direct links to the target address. Alter- 
natively, if allot the available channels being aggregated 
are adjacent radio frequencies, the aggregated chan- 
nels may be treated as one large block of frequency 
bandwidth. By doing this, the wireless bandwidth air-link 
is increased and a message is transmitted without being 
disassembled for transmission across the aggregated 
channels. Aggregating adjacent radio channels in the 
overall frequency spectrum also decreases the interfer- 
ence which could occur in an aggregated channel trans- 
mission. Thus ; the channelized radio looks for adjacent 
channels before aggregating. 

A more detailed method for aggregating available 
air-link or radio channels for wireless air-link message 
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transmission comprises the steps of sending a request 
message to a master microprocessor demanding the 
aggregation of available channels, sending a command 
from the master microprocessor to the channelized ra- 
s dio to aggregate channels, the channelized radio then 
locating and reserving available air-link channels, the 
microprocessor sending a confirming message to the 
SRU that available channels exist for aggregation, the 
sending of a confirmed authorization from the subscrib- 
10 er remote unit to the master microprocessor to aggre- 
gate the available channels, the sending of confirming 
response to the channel radio to aggregate the reserved 
air-link channels and then finally the aggregation of the 
available air-link channels by the channel radio. 
is Accordingly, the master microprocessor performs 
the brain work of initializing, preparing and commanding 
the channelized radio to aggregate available air-link 
channels. Once the available, air-link .channels have 
been aggregated, the SRU receives a confirming re- 

20 sponse from the master microprocessor to transmit the 
. message. The SRU then transmits its message to the 
transceiving device, which is then routed through the 
channel radio to the external transfer network. The 
channel radio prepares the external transfer network, 

25 such as a packet router, for receiving and transmitting 
the message to the server which then routes the infor- 
mation or message to the target terminal address. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 

30 companying drawings, in which: 

Figure 1 is a schematic block diagram of a wireless 
variable bandwidth air-link system in a typical com- 
munication network with optional components out- 
35 lined in dashed lines; 

Figures 2a-2c are flow diagrams illustrating the op- 
eration of the SRU, transceiver, channel radio and 
master microprocessor according to one embodi- 
^0 ment of the invention; 

Figures 3a-3d are flow diagrams illustrating the op- 
eration of the SRU, transceiver, channel radio and 
master microprocessor according to another em- 
45 bodiment; 

Figures 4a-4d are flow diagrams illustrating the op- 
eration of the SRU, transceiver, channel radio and 
master microprocessor according to a further em- 
50 bodiment; and 

Figure 5 is a simplified schematic diagram of the 
wireless variable bandwidth air-link system in a typ- 
ical communication network. 

55 

The present invention may be used with any type 
of data transmission networks which communicate 
through channelized radios capable of locating and ag- 
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gregating available channels. However, the embodi- 
ments are described with reference to cellular digital 
packeting or packet routers because packet routers are 
more efficient and cost effective since they route pack- 
ets of information instead of sending messages through 
switching networks. 

With reference to the drawings, Figs. 1-5 depict a 
wireless variable bandwidth air-link communication net- 
work and method for aggregating air-link channels. The 
network 100 comprises a subscriber remote unit (SRU) 
101 , a transceiving station 102, a channelized radio 103, 
a packet router 104, and a master microprocessor 105. 
The master microprocessor 105 has software which 
performs steps as outlined in the flow charts in Figures 
2a, 4d, and for communicating with the channel radio 
103 and the packet router network 104-1 04c to aggre- 
gate air-link bandwidth for the wireless transmission of 
data communication messages between end-user de- 
vice, one of which is the mobile SRU 101 . A request to 
locate, allocate and aggregate available air-link chan- 
nels for increased bandwidth is typically sent through a 
packet router 104, 104a, 104b or 104c which establish- 
es the compatible communication link with the proces- 
sor 105 enabling it to initialize the radio 103. When an 
SRU 101 is the originating device a message is sent to 
the ultimate target terminal device 108, such as a desk 
top computer, facsimile or other communication device, 
represented by T1 -TX in the drawings, through an ex- 
ternal transfer network which can include either a packet 
router 104 or a PSTN 107. 

As aforementioned, the speed at which a commu- 
nication is sent from an originating device to a target 
device depends upon the bandwidth of the radio or air- 
link channel through which the communication is being 
sent. The present embodiment increases the speed of 
transmission for large communications, or messages, 
by aggregating available air-link channels, referenced 
by 1 10, so as to provide a wider or greater overall band- 
width. The greater the bandwidth the faster the commu- 
nication and the greater the capacity for transmitting 
larger messages more efficiently. It is important to note 
that while aggregating communication channels jn di- 
rect wire links has been accomplished in the past, the 
same has not been true for wireless air-link transmis- 
sions from mobile devices. 

With reference to Figures 1 and 5, the preferred em- 
bodiment of the system includes a master micro-proc- 
essor 105 with software, a packet router network 104, 
a channelized radio 103, a transceiver device 102 and 
a subscriber remote unit 101. The processor 105 and 
software controls the aggregation of available air-link 
channels for increasing the overall bandwidth of wire- 
less or air-link transmissions and it works in conjunction 
with the packet router 104 : radio 103 and a transceiver 
102. The aggregation of available air-link channels 110 
may be performed by the master microprocessor 105, 
any channelized radio equipment 103 capable of locat- 
ing and combining air-link channels, and a transceiver 



device 102. Once the air-link channels 110 are aggre- 
gated, an increased or variable bandwidth is available 
for wireless communication between end-user commu- 
nicating device. The end-user devices may both be 
s SRUs 101 or an SRU 101 and fixed direct wired com- 
munication terminal device 1 08-1 08d, such as a person- 
al computer or facsimile. 

In the preferred embodiment, the SRU 101 may 
comprise either a cellular telephone having a microproc- 
io essor and modem, a portable computer with a modem 
101a, phone adaptor, and transceiver such as the IBM 
Think Pad, portable facsimile or any device with wireless 
communication capabilities. That is, the SRU 101 may 
be any wireless communicating device having a trans- 
15 ceiver, microprocessor and modem type device. The 
SRU 101 communicates across the air-links 110 with a 
transceiver station 1 02 that receives and transmits mes- 
sages between the end-users. The transceiver station 
102 is directly linked to the channelized radio 103 which 
20 is directly linked to the external information transfer net- 
work, 104 or 107, and a master microprocessor 105. 
Preferably, the external information transfer network in- 
cludes a packet router network 104 since the originator 
communicates through a packet router 104 to request 
25 the aggregated bandwidth. Subsequently the originator 
can use either the packet network 104-1 04c or the 
PSTN switch network 107 to communicate with the tar- 
get. Thus, the master microprocessor 105 and packet 
router 1 04 are directly linked so that the end-user device 
30 108 or 101 may request the aggregation of air-link chan- 
nels 110 and the processor 105 can initialize the radio 
103. The channel radio 103 is typically linked to a PSTN 
switching circuit 1 07, a packet router or both for directing 
messages to the end-user devices connected to the par- 
35 ticular external transfer network. Software driven by the 
master processor 105 receives the command inputs 
from the end-user device, either 101 or 108, albeit via 
the transceiver station 102 and radio 103, to control the 
channel radio 103 in finding and aggregating available 
40 air-link channels. 

The packet router 104 may be directly linked to the 
terminal device 108a-d through an external network and 
server, such as an ethernet or internet. The server 106 
routes messages between a select terminal 108a-d and 
45 the packet router 1 04-1 04c wherein the server 1 06 com- 
municates with a user ID identifying the terminal which 
is receiving or sending a message. The packet router 
network 1 04 may be directly linked to other packet rout- 
ers 104a, 104b or 104c thereby communicating with a 
50 number of packet router systems before ever reaching 
the ultimate server 106a or 106b and terminal T as 
shown in figure 1 . The number of packet routers through 
which a message must be sent typically depends on the 
location and distance a communication must travel be- 
55 fore reaching its destination, such as in overseas com- 
munication. 

When the SRU 101 initiates a wireless transmis- 
sion, it sends a command input through a fixed air-link 
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channel to the transceiver tower 102 and the channel 
radio 103 for receipt by the master microprocessor 105. 
The processor 105 causes the channel radio 103 to 
search and aggregate air-link channels. Afterwards, the 
processor 105 confirms the aggregation of channels to 
the SRU 101. The transceiver device 102 receives the 
message and sends that message to either the packet 
router network 104 or the switched circuit (PSTN) net- 
work 107, as directed by the originator Using existing 
network rules, the message is addressed and routed to 
the target address. The message may be sent to one or 
more terminal target addresses depending on the SRU 
101 command. A message is typically transmitted in 
ch unks and reassembled by the radio 1 03, having a sig- 
nal processor for modulating or demodulating, if the 
SRU is the originator. Messages are sent in an analog 
to analog (A/ A) transmission and converted to digital by 
an A/D loading to digital converter somewhere in the di- 
rect links. The A/D may be located, on the tower 102, 
radio 103, processor 105, or external network or some- 
where there between. Likewise, the reassembly of the 
message may be at any point. 

If a request from the SRU 101 or the end-user ter- 
minal 1 08 is a request for a dynamic wide band alloca- 
tion of the radio or air-link channels, the master micro- 
processor 1 05 converts this to the appropriate request 
and sends it to the channel radio or radios 103. Thus, 
the master microprocessor 105 receives the request for 
an aggregation of channels from the SRU 101 or the 
device depending on which end-user is transmitting a 
message. This triggers the master microprocessor 105 
to convert the request into a command for a larger band- 
width to the channel radio 1 03. Upon receiving the com- 
mand from the master microprocessor 105, the radio 
searches, locates and aggregates available radio chan- 
nels. Thus, the channel radio 103 calculates which 
channels are idle, reserves these channels and sends 
a reply back to the master microprocessor 105 which 
determines the channel identification of those reserved. 
The master microprocessor 105 transfers this informa- 
tion to the SRU 101 through the message link estab- 
lished by the packet router network and the channel ra- 
dio and the channels originally assigned for the commu- 
nication between the packet router 104 and channel ra- 
dio 103. The SRU 101 or terminal device 108, depend- 
ing on which is identified as the originating device, con- 
firms the demand for the aggregation of channels. The 
master microprocessor 105 upon receiving the confir- 
mation, authorizes the channelized radio to aggregate 
the radio or air-link channels reserved. 

In Figure 1 , the present invention is shown embod- 
ied in an overall system establishing links between mul- 
tiple end-user terminals, packet routers and servers. In 
Figure 5, a simple embodiment is shown wherein the 
terminal T1 could be a desk top computer as shown. ^ 
The terminals T1-TX, however, represented by refer- 
ence characters 108a-d may beany communication de- 
vice which communicates through a modem, server, or 



both. The SRU 101 is a mobile communication device 
which may comprise a microprocessor and transceiver 
installed in a conventional cellular phone or portable 
computer. In Figure 1 , a SRU 1 01 is shown as a wireless 
s communication device such as a cellular phone which 
transmits information to a receiving device 102. The 
SRU 101 may be electrically attachable to a portable 
computer. 

With reference to Figures 2a-2c, shown is a method 
io for locating and aggregating available air-link channels 
1 1 0 so as to increase the overall bandwidth for wireless 
transmissions. To' aggregate air-link channels 110, the 
SRU 101 prepares the communication data or message 
for transmission, see block 1 20, across the air-link chan- 
ts nels 110 to the transceiving station 102. The SRU 101 
first sets the target address 122 of the target device, in 
this case one or more of the terminals 108a-d, to which 
the communication is being sent. The SRU 101 then de- 
termines the size of the communication awaiting trans- 
zo mission 1 24 as comprised in the steps shown in the flow 
chart of Figure 2. After the SRU 101 prepares and de- 
termines the size of the message to be transmitted, the 
user decides whether to aggregate available air-link 
channels 110, as seen in decision block 126. In the ab- 
breviated method, as shown in Figures 2a-2c, the user 
sends a message command to the master processor 
105 to aggregate available radio channels, see block 
128, if aggregation is desired and the processor 105 
sends an acknowledgment (ACK) of receipt of the de- 
30 mand. The processor 1 05 then sends a command to the 
channel radio 103 to locate, allocate and aggregate the 
available channels, block 130. The radio 103 in re- 
sponse searches, locates and temporarily reserves 
channels for aggregation, as selected by the master mi- 
ss croprocessor 1 05. A confirming message is sent to the 
processor 105 after the channels are allocated identify- 
ing the available air-link channels and their correspond- 
ing bandwidths, as seen in blocks 1 34 and 1 36. The 
processor 105 in turn sends a confirmation of aggrega- 
te tion to the SRU 101 , block 1 43. The SRU 101 then either 
confirms the desire to transmit over aggregated chan- 
nels or aborts the transmission, as seen in block 152. If 
aborting then the SRU 101 or end-user is reset. 

When the SRU 101 confirms the aggregation and 
*5 transmission it converts the message from digital to an- 
alog through a digital to analog convertor (D/A) since 
the airways transmit analog to analog. The message is 
transmitted in segments or chunks and initially received 
by the transceiver 102. Once the transceiving station 
; o 102 receives the transmitted message it conveys the 
message to the radio which is directly linked by cable or 
wire to the transceiving station 102. The channelized ra- 
dio 103 then routes the message to either the packet 
router transfer network 104 or PSTN transfer switch cir- 
"5 cuit 1 07, which is directly linked to the radio 1 03. Before 
the channel radio 103 sends the message as received 
to the transfer network it may reassemble the message 
and digitizes the message into digital segments with a 
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signal processor. The reassembly of the message, how- 
ever, may be preformed by any signal processor or com- 
ponent after the wireless transmission is completed. 
Modems provide connection interfaces between each 
of the communication ports on the packet router 104, 5 
radio 103, processor 105 and PSTN 107 for allowing 
communication between the directly linked devices. The 
modems typically may include the A/D convenors for 
digital transmission. Thus, the radio may include an A/ 
D converter to convert the messages to digital before io 
sending it to the transfer network. However, the A/D con- 
verter may be located at any desired junction, e.g. at the 
packet router 104, in the radio 103, or at the transceiver 
102. If the transfer network comprises the packet router 
104 then the packet router will organize the message is 
segments in packets and route it through select packets, 
to a server or modem and then to the target address as 
discussed above. The actual time it will take to send the 
actual message may be determined by the user before 
aggregating as shown in Figures 3a-3d and 4a-4d. If the 2° 
user decides not to have the projected transmission time 
computed a conventional transmission is undertaken 
whereby the message is transmitted over a single chan- 
nel to the transceiving station 1 02 and radio 1 03 for rout- 
ing to the target as noted above. 25 

With reference to either Figures 3c-3d or Figures 
4a-4d, for larger messages, the user may desire a com- 
putation of the time necessary for transmission, given 
the fact that air time can be expensive. This represents 
an alternative function since an actual computation of 30 
transmission time is not necessary before aggregating 
available channels. There are therefore two methods for 
aggregating channels and computing the transmission 
time as shown in Figures 3a-3d and 4a-4d. With respect 
to Figures 3a-3d, and 4a-4d, the user decides whether 35 
to transmit over a single or aggregated channel, see 
block 226. In the method of Figures 3a-3d, it is done 
without computing estimated transmission time but in 
the method shown in Figures 4a-4d the user is preempt- 
ed as to whether to determine transmission time. As 40 
seen in Figure 4, if transmission time computation is not 
selected, shown in block 326, then SRU 101 sends a 
message in a single channel transmission to the proc- 
essor 105 and transmits over the received channel. See 
blocks 326 : 353, 355, 329 and 331 . «5 

With reference to Figures 3a-3d, the user decides 
whether to transmit over a single channel or aggregated 
channels after receiving the transmission time. See 
blocks 224 and 226. If single is selected, then the SRU 
101 activates the radio 1 03 for single channel transmis- so 
sion and transmits the message over a single channel 
as conventionally known. See blocks 253, 255, 229 and 
231 . If an aggregation is selected, the SRU 101 sends 
the request to the master microprocessor 1 05 to activate 
the search and aggregation of air-link communication 55 
channels 228. The master processor 105 complies and 
sends a command to the radio to activate the search for 
available air-link channels and the corresponding band- 



widths. See block 230. The radio 103 in response to the 
master microprocessor 105 searches and locates avail- 
able air-link channels and reserves those channels 
while waiting for response from the master microproc- 
essor 105 after it sends the master microprocessor 105 
information regarding the available channels and the 
corresponding bandwidths. See blocks 232 and 234. 
Subsequently, the master microprocessor 105 selects 
those channels which may be aggregated, computes 
the times for single channel transmission and variable 
transmission speed for the selected aggregated chan- 
nels, as shown in blocks 236 and 238. In this method, 
the master microprocessor 105 gives the end-user an 
opportunity to re-select the mode of transmission based 
on the estimated transmission times over fixed and var- 
iable channels. Accordingly, the microprocessor 105 
sends a response message to the radio 103 identifying 
the fixed and variable transmission times for transmis- 
sion to the end-user, SRU 1 01 , and also commands the 
channel radio 103 temporarily reserve the selected 
channels for aggregation. See blocks 240 and 241 . The 
channelized radio 103 then transmits the computed 
transmission times to the SRU 101 and requests a se- 
lection of a desired transmission mode which triggers 
the SRU 101 , or end-user to reconfirm the transmission 
mode. See blocks 242 and 244. The end-user, or SRU 
101 , then decides between the aggregated channel 
transmission, single channel transmission or whether to 
abort the transmission entirely, as shown in decision 
block 246. If the transmission is aborted then the SRU 
101 informs the master microprocessor 105 and both 
the microprocessor of the SRU and the master micro- 
processor 105 reset their controlling software placing 
the procedure back at the start position. 

If, however, the SRU 101 user, or end-user, decides 
to transmit over a single channel based on the estimated 
transmission time computed, then the SRU sends a sin- 
gle channel request to the master microprocessor 105 
to reconfigure the transmission for single channel trans- 
mission. See block 247. The master microprocessor 
105 after each received response sends a hand-shaking 
ACK and ask for confirmation from the end-user to con- 
firm the request. See block 249. This is an error protec- 
tion procedure whereby, if any error occurs the SRU 
would respond, as in block 251 , that the single channel 
transmission request was incorrect and it would loop 
back to the decision block 246 where the opportunity 
would once again exist for selecting single or multiple 
aggregated channel transmission. However, if the single 
channel option was correctly selected then the end-user 
confirms this selection to the master microprocessor 
105 which releases all temporarily reserved channels 
and allows the SRU 101 to transfer over a single channel 
to the radio as conventionally known. Returning to the 
block 246, if the aggregated channel transmission is the 
correct option desired then it is confirmed and the SRU 
101 sends the request to the master microprocessor 
105 to aggregate the available reserved air-link chan- 
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nels for the wireless transmission. See block 248. Again, 
the master microprocessor 105 sends an ACK and re- 
quest confirmation from the end-user. This again is an 
error protection procedure and the SRU 101 is given the 
opportunity to correct a wrong selection, as seen in 
blocks 250 and 252. If the selection for aggregated 
channel transmission was incorrect then the software 
loops back to the decision block 246. However, if a ag- 
gregated transmission was the correct option then the 
SRU 101 sends a confirmation response to the master 
microprocessor, as seen in block 254. 

Subsequently, the master microprocessor sends 
the request message to the channel radio 103 to aggre- 
gate and activate the selected reserved air-link chan- 
nels for a wireless transmission from the end-user, or 
SRU 101 address. See block 256. The channel radio 
103 assigns the selected channels and sends an ac- 
knowledgment to the master microprocessor 105 that 
the selected reserved air-link channels have been acti- 
vated and aggregated, a seen in blocks 258 and 264. 
At this point, the master microprocessor 105 goes 
through another error detection procedure verifying that 
a successful transmission will occur. If an error is de- 
tected, the master microprocessor 105 sends a mes- 
sage to the radio 103 to cancel the reservation of the 
reserved air-link channels and sends a message to the 
end-user, or SRU 101, to retry the wireless transmis- 
sion. See blocks 266, 268, and 270. Consequently, the 
method returns tothe start position. However, if the mas- 
ter microprocessor detects no errors then the chan- 
nelized radio 103 establishes a communication link with 
the end-user or SRU 101 address apd sends a. confir- 
mation that transmission is ready to the master micro- 
processor. The master microprocessor 105 then sends 
a message to the end-user or SRU 101 to transmit the 
message. The SRU 101 then transmits over the aggre- 
gated air-lin k channels 1 1 0 and the radio 1 03 routes that 
message to the external transfer network, that is either 
a packet router 104 or PSTN 107 depending on the tar- 
get address. See blocks 272-280. After the transmission 
is complete, the channel radio 103 reactivates the ag- 
gregated channels for later transmissions and the soft- 
ware loops back to the start position to allow future wire- 
less transmissions. 

Now with reference to Figures 4a-4d, the user at 
decision block 326 decides whether to compute a trans- 
mission time which is different from the previous mes- 
sage which has the user decide first whether lo transmit 
over a single or aggregated channel. Accordingly, this 
method is procedurally different from the previous meth- 
od discussed and allows the end-user-to transmit over 
a single channel by deciding not to compute the trans- 
mission time, or to compute the transmission time and 
then afterwards select the desired transmission mode, 
that is single channel, aggregated channel or aborting 
the transmission in its entirety. If desired, the end-user 
selects the option requesting message transmission 
time computation causing the SRU 101 to send a mes- 



sage request to the master microprocessor 105 to esti- 
mate the time duration for projected message transmis- 
sion as seen in blocks 326-342 of Figures 4a-4b. The 
processor 105 sends an ACK back to the SRU 101, or 
5 end-user, upon receiving the request. All communica- 
tions with the processor 105 and the SRU 101 pass 
through the channelized radio 103 which is directly 
linked to the transceiver station 102 for transmitting be- 
tween the SRU 101 and transceiver station 102 as 
10 shown in Figure 1 . In addition in all communication, dis- 
cussed herein, transactions between each devices 
101-107 is verified by a handshake, i.e. ACK transmit- 
tals, formally notifying the units that communication of 
demand or request was received. 
is To begin the aggregation computation process, as 
shown in Figures 4a-4d, the master microprocessor 105 
sends a command to the channelized radio 103 to acti- 
vate a search for available air-link channels or paths and 
their corresponding bandwidths. See block 330. The ra- 
20 dio 1 03 searches and locales the available air-link chan- 
nels 110 and determines the corresponding bandwidth 
of each available radio channel. See block 332. The ra- 
dio 103 sends a response to the processor 105 after lo- 
cating these channels identifying the available air-link 
2S channels and bandwidths which may be aggregated. 
See block 334. Upon receipt of the radio's 103 re- 
sponse, the processor 105 selects the channels which 
may be aggregated to adequately transmit the message 
from the SRU 101, or transmission 102, across the air- 
30 links in a reasonable amount of time. See block 336. 
The channels selected or the number thereof is based 
on the management of communication networks within 
the communication cloud or radio's range, the" capacity 
of the network and the present loads. A second cloud 
3S may communicate with another cloud by lin king with an- 
other packet router network such as 104a and 104b. Ac- 
cordingly, the distance and number of routers involved 
in the transmission are taken into account in the estima- 
tion. The processor 105 computes the time for a trans- 
40 mission of the requisite communication across a single 
channel which is a fixed speed and the variable trans- 
mission speed for transmitting the message across se- 
lect aggregated channels. See block 338. The aggre- 
gated channel transmission is termed a variable trans- 
45 mission speed because ft depends on the number of 
available channels which may be aggregated. Likewise, 
transmission across a single channel is considered fixed 
because the speed of transmission across the channel 
is directly related to the size of the channel's bandwidth. 
so After computing the fixed and variable transmission 
speeds, the processor 105 sends a response message 
back to the SRU 101 , through the radio 103 and trans- 
ceiving tower 102 identifying the fixed and variable 
transmission times for the message of interest. The 
55 processor 105 also request the radio 103 to reserve the 
identified and selected channels for aggregation. See 
blocks 340 and 341 The user then receives and selects 
the desired transmission mode, i.e. fixed or variable, 
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from their SRU 101 option or function keys 101b based 
on the computed times. The options available for the us- 
er on the SRU 101 include whether to transmit across 
a single channel aggregated channels or whether to 
abort the transmission completely, as shown in blocks 
346-353 in Figure 4a. If the transmission is aborted, no 
transmission will occur and the process begins from the 
start position. If the user selects a transmission across 
a single channel, the SRU sends a single channel re- 
quest to the processor 105. The processor 1 05 acknowl- 
edges receipt of this request and may ask for confirma- 
tion from the user or SRU 1 01 before authorizing trans- 
mission. This is to insure that the user has correctly se- 
lected the desired option. If the wrong transmission 
mode was requested the user responds in the negative 
and the program is looped back up to the transmission 
selection mode at input to block 346. If the single chan- 
nel transmission was the correct request, the user en- 
ters yes, causing the SRU 101 to send an affirmative 
confirmation in response to the processor 105. The 
processor 105 then sends a command to the radio 103 
authorizing transmission across a single channel there- 
by negating any aggregation for that transmission and 
freeing up the previously reserved channels except for 
one. See block 353 and 355. The user then triggers the 
SRU 101 which transmits the communication or mes- 
sage over a single channel to the receiving station 102 
and radio 103. The radio 103 routes the communication 
data to the packet router 104 or PSTN 107, depending 
on the target address, which sends the message to the 
ultimate target address 1 08, 1 08a or 1 08b through either 
modems, servers or both. It should be noted that the 
packet router 104 could comprise a mesh of individual 
packet routers 1 04a, or 1 04b as shown in Figure 1 which 
directly communicate with each other. The route of the 
transmission through the packet router system is unim- 
portant for this discussion since it is a function merely 
controlled by the packet router's own management sys- 
tem which routes according to and based on its capacity 
and load. 

To send a message from the SRU 101 across ag- 
gregated air-link communication channels the user se- 
lects that operation from the SRU 101, i.e. blocks 
346-348. The SRU 101 sends the aggregated channel 
airway transmission message request to the master mi- 
croprocessor 1 05 by way of the transceiver 1 02 and the 
radio 103. The processor 105 sends an ACK and re- 
quests a confirmation from the SRU 101 that the correct 
transmission mode has been selected. See block 350 
and 352. If the aggregated channel transmission mode 
is not the desired mode the user enters "no" causing the 
software to loop back to the transmission mode select 
option at the input to block 346. If the aggregated chan- 
nel transmission mode is the correct or desired trans- 
mission selection an affirmative response is sent back 
to the processor 105 confirming an air-link channel ag- 
gregation transmission, as seen in block 354. 

With reference to blocks 356 and 358, after receiv- 



ing the confirmation of an aggregated channel transmis- 
sion, the processor 104 sends a command message to 
the radio 1 03 to aggregate and activate the previously 
reserved and selected radio channels for transmission 
s of the message from the SRU 101 address to its ultimate 
target address. The radio 103 then activates the select- 
ed channels for the air-link transmission. If the end-user 
had the transmission time computed then the reserved 
and selected channels from which the computation was 

io based are assigned and initialized for transmitting. 

In an alternative embodiment, as shown in blocks 
360-365, the radio 103 relocates and checks the once 
selected air-link channels for availability. This repre- 
sents a difference in steps from the sequence of steps 

is shown in Figures 3a-3d. Sometimes the selected chan- 
nels may not be reserved by error or so as to not congest 
the airway, or as previously discussed the select chan- 
nels are only temporarily reserved and may be reacti- 
vated after a period of time. Therefore, if too much time 

20 or a predetermined amount time passes without author- 
ization from the end-user, or SRU 101 , to aggregate se- 
lect channels and proceed with transmission then the 
channels are freed. If the channels are still available 
then they are automatically activated and allocated to 

25 the corresponding SRU 101. If not, the radio 103 search- 
es and locates channels which are available and which 
would provide the same aggregated bandwidth as the 
originally selected channels. The radio 1 08 then tempo- 
rarily reserves these channels as new selected chan- 

30 nels and sends an acknowledgment to the processor 
that new select channels have been reserved and ag- 
gregated for the transmission of the message from the 
SRU 101. If the originally selected channels are still 
available the radio 103 temporarily reserves and aggre- 
ss gates these selected channels. The radio 103 then 
sends an acknowledgment to the processor 105 inform- 
ing the processor 105 that the selected channels have 
been activated and aggregated for the overall desired 
bandwidth. See block 364. The processor 105 then au- 

40 thorizes the data transmission from the SRU 1 01 across 
the aggregated channels and checks for error condi- 
tions. See block 366. If no problems are present for the 
transmission from the originating SRU 101 to the target 
address, the data transmission from the SRU 1 01 is au- 

45 thorized. If the processor 105 does not authorize the 
transmission it sends a message to the radb 103 can- 
celling the reservation of the aggregated channels and 
then sends a message to the SRU 101 to retry the trans- 
mission from the start position, as seen in blocks 366, 

so 368 and 370. With reference to blocks 366 and 372-380, 
if the processor 105 authorizes the data transmission, 
the processor 105 sends a confirmation to the SRU 1 01 . 
The SRU 101 then transmits the desired message over 
the air-link aggregated channels to the transceiving sta- 

ss tion 102. The wireless transmission from the SRU 101 
to the transceiver 102 is an A/A transmission. 

Once the message is received, an A/D converter 
converts the message to digital, but this conversion may 



11 



BNSDOCID: <EP 0732B26A2_1_> 



21 



EP 0 732 826 A2 



22 



take place at either the transceiver station 102, the ra- 
dio, the packet router 104 or PSTN, or anywhere there- 
between. Since the transceiving station is directly wired 
or linked to the radio 1 03 any necessary aggregation of 
paths would have already been obtained. The radio 103 
routes the communication to either the packet router 
1 04 or PSTN 1 07 depending on the target address. Be- 
forehand, however, the message is typically reassem- 
bled since most transmission are segmented into 
chunks. If the selected aggregated channels are adja- 
cent in the frequency spectrum then segmenting the 
message may not be necessary. The packet router 104 
after receiving the message routes it through its packets 
and eventually to target server. The server 106 then 
sends it to either the target terminal address or the LAN. 
The LAN, as previously discussed, is a network consist- 
ing of a local group of computers such as those found 
in private companies which are interconnected. Once 
the radio 103 has routed the communication to its target 
address, the radio reactivates the selected channels 
making them available once again for a subsequent 
transmission. 

It is important to note that a transmission may be 
initiated by a terminal address 108a-d for sending a 
message to an SRU 101. In such a case, the terminal 
acting as an originating address would communicate 
with the master processor in the same way with the 
same options. That is, the same methods discussed 
herein are available for a terminal 1 08 end-user, except 
that, the SRU 101 becomes the target and decisions 
once made by the SRU 101 end-user are made by the 
terminal end-user 108. The terminal end-user would se- 
lect an SRU target address, request aggregation, re- 
serve channels and transmit. 
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Claims 

1 . A wireless bandwidth air-link system for varying the 
overall bandwidth of air-link communication chan- 
nels to increase the speed of wireless message 
transmission, said system comprising: 

means for locating and aggregating available 
air-link communication channels so as to in- 
crease the air-link bandwidth for wireless trans- 
mission of messages to andfrom a mobile com- 
munication subscriber unit; 
means for controlling said locating and aggre- 
gating means in communication with said locat- 
_ ing and aggregating means, said controlling 
means enabling and regulating said locating 
and aggregating means in searching and com- 
bining available air-link communication chan- 
nels, said controlling means receiving request 
to aggregate air-link communication channels; 
and 

means for communicating with the mobile com- 
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munication subscriber unit, said communicat- 
ing means providing a communication link be- 
tween the mobile communication subscriber 
unit and said locating and aggregating means 
for receiving and transmitting messages across 
the air-link channels to and from the mobile 
communication subscriber unit. 

A system as claimed in claim 1 , wherein said means 
for controlling comprises a first microprocessor 
electrically connected to said means for locating 
and aggregating for sending control signals to and 
receiving response signals from said means for lo- 
cating and aggregating. 

A system as claimed in claim 2, wherein said first 
microprocessor further comprises means for initial- 
izing said means for locating and aggregating so as 
to cause said means for locating and aggregating 
to begin locating available air-link communication 
channels. 

. A system as claimed in claim 3, wherein said first 
microprocessor further comprises means for select- 
ing the airway communication channels to be ag- 
gregated by said means for locating and aggregat- 
ing so as to provide a time efficient transmission 
across the communication air-links to and from the 
mobile communication subscriber unit. 

A system as claimed in claim 1 , wherein said means 
for locating and aggregating further comprises a 
means for reserving available air-link communica- 
tion channels which have been located so as to not 
lose the available air-link communication channels 
before aggregating. 

A system as claimed in claim 1 , wherein said means 
for communicating comprises a transceiver electri- 
cally connected to said means for locating and ag- 
gregating available air-link communication chan- 
nels, said transceiver for receiving and transmitting 
wireless messages between the mobile communi- 
cation subscriber unit and said means for locating 
and aggregating. 

A system as claimed in claim 6, wherein said means 
for communicating further comprises: 

a second microprocessor electrically connect- 
ed to the mobile communication subscriber unit 
for processing messages and demands for in- 
creasing available airway communication 
channel bandwidth; and 

a second transceiver electrically connected to 
the mobile communication subscriber unit for 
receiving and transmitting wireless messages. 
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8. A system as claimed in claim 1 , wherein said means 
for locating and aggregating available air-link com- 
munication channels comprises a channelized ra- 
dio electrically connected to said means for com- 
municating and said means for controlling. 5 

9. A system as claimed in claim 2, wherein said means 
for locating and aggregating comprises a chan- 
nelized radio electrically connected between said 
means for communicating and said means first mi- io 
croprocessor, said channelized radio for locating 
and aggregating available airway communication 
channels at the control and demands of said first 
microprocessor when requested by the mobile com- 
munication subscriber unit. '5 

10. A system as claimed in claim 9, further comprising 
an external information transfer network for routing 
messages transmitted between the mobile commu- 
nication subscriber unit and a fixed communication 20 
unit wherein the mobile communication subscriber 
unit and the fixed communication unit communicate 
through said means for communicating, said infor- 
mation transfer network being electrically connect- 
ed to said channelized radio and said first micro- 2s 
processor. 

11. A system as claimed in claim 10, further comprising 
a signal processor electrically associated with said 
channelized radio for converting messages into a 30 
demodulated form for sending over direct links to 
the fixed communication unit and for modulating 
signals received for transmitting over air-link com- 
munication channels to the mobile communication 
subscriber unit. 3S 

12. A method for increasing the bandwidth of air-link 
communication channels for the wireless transmis- 
sion of messages to and from mobile communica- 
tion subscriber units, said method comprising the 40 
steps of: 

transmitting a demand from an originating com- 
munication device to a microprocessor for an 
increase in the bandwidth of air-link communi- 45 
cation channels for wireless transmission of a 
message to a target communication device; 
activating a wireless radio transmitting means 
from the microprocessor based on code gener- 
ated in response to the demand for an increase 
in bandwidth; 

searching for available air-link communication 
channels with the wireless radio transmitting 
means; 

sending a response from the wireless radio ss 
transmitting means to the microprocessor iden^ 
tifying available air-link communication chan- 
nels located; 



selecting with the microprocessor available air- 
link communication channels to be aggregated 
based on the available air-link communication 
channels identified in the response from the 
wireless radio transmitting means; and 
aggregating selected air-link communication 
channels at the radio to increase the overall 
bandwidth for wireless transmission to the tar- 
get communicating device. 

13. A method as claimed in claim 1 2, further comprising 
the step of reserving available air-link communica- 
tion channels located in the search before sending 
a response to the microprocessor identifying the 
available air-link communication channels. 

14. A method as claimed in claim 1 3, further comprising 
the step of sending a confirmation to the originating 
end-user communication device after reserving 
available air-link communication channels that 
available air-link communication channels have 
been reserved for aggregation; and 

transmitting a confirmation from the originat-* 
ing communicating device to aggregate the re- 
served available air-link communication channels. 

1 5. A method as claimed in claim 1 4, further comprising 
the step of providing the microprocessor with the 
individual bandwidths of available air-link commu- 
nication channels located when sending the re- 
sponse to the microprocessor identifying the avail- 
able air-link communication channels located. 

16. A method as claimed in claim 1 5, further comprising 
the step of computing the estimated time duration 
for transmission of a message from the originating 
end-user communication device to the target device 
based on the bandwidths of available air-link com- 
munication channels selected after selecting avail- 
able air-link channels to aggregate. 

17. A method as claimed in claim 1 6, further comprising 
the step of performing an error detection procedure 
after aggregating selected air-link communication 
channels to determine that a successful wireless 
transmission may be performed from the end-user 
originating communication device to the target end- 
user communication device. 

18. A wireless variable bandwidth air-link communica- 
tion system for varying the bandwidth of available 
air-link communication channels, said system com- 
prising: 

a microprocessor encoded for initiating the 
search and aggregation of available air-link 
channels; 

a channelized communication radio linked to 
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said microprocessor for receiving commands 
from said microprocessor to search, locate and 
aggregate available air-link communication 
channels for the wireless transmission of a 
message from an originating communication s 
device; 

means for aggregating available air-link chan- 
nels defined by said channelized radio; 
a transceiving device linked to said means for 
aggregating available channels for transmitting 10 
signals from said means foraggregatingair-link 
communication channels to locate and aggre- 
gate air-link channels; and 
means for communicating said microprocessor 
with the originating communication device elec- is 
trically linked to said microprocessor and said 
channelized communication radio for allowing 
the originating end-user communication device 
to demand an increase in the bandwidth of air- 
link communication channels. 20 

19. A system as claimed in claim 18, wherein said 
means for communicating comprises: 

at least one modem electrically associated 
with said microprocessor and said channelized 25 
communication radio for receiving and sending 
messages. 

20. A system, as claimed in claim 1 9, wherein said 
means for communicating further comprises a sig- 30 
nal processor electrically associated with said 
channelized communication radio for demodulating 
and modulating messages transmitted from the 
originating communication device. 
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